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Abstract
2QH RI WKH FKDOOHQJHV RI LPSOHPHQWLQJ GLIIHUHQWLDO GDWD SULYDF\ LV WKDW WKH XWLOLW\ XVHIXOQHVV RI WKH SULYDWL]HG GDWD WHQGV WR GLPLQLVK HYHQ DV
FRQILGHQWLDOLW\LVJXDUDQWHHG,QVXFKVHWWLQJVGXHWRH[FHVVLYHQRLVHRULJLQDOGDWDVXIIHUVORVVRIVWDWLVWLFDOVLJQLILFDQFHGHVSLWHWKHVWURQJOHYHOVRI
FRQILGHQWLDOLW\DVVXUHGE\GLIIHUHQWLDOSULYDF\.7KLV LQ WXUQPDNHV WKHSULYDWL]HGGDWDSUDFWLFDOO\YDOXHOHVV WR WKHFRQVXPHURI WKHSXEOLVKHGGDWD
$GGLWLRQDOO\UHVHDUFKHUVKDYHQRWHGWKDWILQGLQJHTXLOLEULXPEHWZHHQGDWDSULYDF\DQGXWLOLW\UHTXLUHPHQWVUHPDLQVLQWUDFWDEOHQHFHVVLWDWLQJWUDGH
RIIV 7KHUHIRUH DV D FRQWULEXWLRQZH SURSRVHXVLQJ WKHPRYLQJ DYHUDJH ILOWHULQJPRGHO IRU QRQLQWHUDFWLYH GLIIHUHQWLDO SULYDF\ VHWWLQJV ,Q WKLV
PRGHOYDULRXVOHYHOVRIGLIIHUHQWLDOSULYDF\'3DUHDSSOLHGWRDGDWDVHWJHQHUDWLQJDYDULHW\RISULYDWL]HGGDWDVHWV7KHSULYDWL]HGGDWDLVSDVVHG
WKURXJKDPRYLQJDYHUDJHILOWHUDQGWKHQHZILOWHUHGSULYDWL]HGGDWDVHWVWKDWPHHWDVHWXWLOLW\WKUHVKROGDUHILQDOO\SXEOLVKHG3UHOLPLQDU\UHVXOWV
IURP WKLV VWXG\VKRZ WKDWDGMXVWPHQWRIİ HSVLORQSDUDPHWHU LQ WKHGLIIHUHQWLDOSULYDF\SURFHVV DQG WKHDSSOLFDWLRQRI WKHPRYLQJDYHUDJH ILOWHU
PLJKWJHQHUDWHEHWWHUGDWDXWLOLW\RXWSXWZKLOHFRQVHUYLQJSULYDF\LQQRQLQWHUDFWLYHGLIIHUHQWLDOSULYDF\VHWWLQJV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIVFLHQWLILFFRPPLWWHHRI0LVVRXUL8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\
Keywords:'LIIHUHQWLDO3ULYDF\0DFKLQH/HDUQLQJ6LJQDO3URFHVVLQJ0RYLQJ$YHUDJH)LOWHULQJ
1. Introduction
:KLOHGLIIHUHQWLDOSULYDF\KDVFDSWXUHGWKHLQWHUHVWRIPDQ\GDWDSULYDF\UHVHDUFKHUVGXHWRWKHDELOLW\WRJXDUDQWHHFRQILGHQWLDOLW\
WKHGDWDSULYDF\WHFKQLTXHLVVWLOOIDFHGZLWKWKHFKDOOHQJHRISULYDF\YHUVXVXWLOLW\WKDWKDVEHHQVKRZQWREHLQWUDFWDEOH>@>@>@
2IUHFHQWGLIIHUHQWLDOSULYDF\KDVFRPHXQGHUKHDY\FULWLFLVPEHFDXVHRIWKHGLVWRUWLRQRIWKHTXHU\UHVXOWVWKDWPDNHWKHSULYDWL]HG
GDWDUHVXOWVYLUWXDOO\XVHOHVVGHVSLWHSULYDF\JXDUDQWHHV)RULQVWDQFH%DPEDXHU0XUDOLGKDUDQG6DUDWK\REVHUYHGLQ WKHLU
&RUUHVSRQGLQJDXWKRU7HOID[
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H[WHQVLYHFULWLTXHWKDWGLIIHUHQWLDOSULYDF\ZLOOHLWKHUSURGXFHYHU\ZURQJUHVHDUFKUHVXOWVRURIIHUQRSURWHFWLRQGXHWRWKHYHU\KLJK
OHYHOV RI GLVWRUWLRQV LQ WKH SULYDWL]HG TXHU\ UHVXOWV >@ +RZHYHU 'ZRUN  ZKR ILUVW SURSRVHG GLIIHUHQWLDO SULYDF\
DFNQRZOHGJHGWKLVWHQVLRQEHWZHHQGDWDSULYDF\DQGXWLOLW\E\VXFFLQFWO\VWDWLQJWKDW³SHUIHFWSULYDF\FDQEHDFKLHYHGE\SXEOLVKLQJ
QRWKLQJ DW DOO EXW WKLV KDV QRXWLOLW\ SHUIHFW XWLOLW\ FDQEHREWDLQHGE\SXEOLVKLQJ WKH GDWD H[DFWO\ DV UHFHLYHG EXW WKLV RIIHUV QR
SULYDF\´>@7KHUHIRUHRQHRIWKHFKDOOHQJHVLQHPSOR\LQJGLIIHUHQWLDOGDWDSULYDF\LV WKDW WKHXWLOLW\RIWKHSULYDWL]HGGDWDVKULQNV
HYHQ DV FRQILGHQWLDOLW\ LV JXDUDQWHHG ,Q VXFK VHWWLQJV GXH WR H[FHVVLYH QRLVH RULJLQDO GDWD VXIIHUV ORVV RI VWDWLVWLFDO VLJQLILFDQFH
GHVSLWH WKH IDFW WKDW VWURQJ OHYHOV RI GDWD SULYDF\ LV DVVXUHG WKXV PDNLQJ WKH SULYDWL]HG GDWD SUDFWLFDOO\ YDOXHOHVV $GGLWLRQDOO\
UHVHDUFKHUVKDYHQRWHGWKDWILQGLQJHTXLOLEULXPEHWZHHQGDWDSULYDF\DQGXWLOLW\UHTXLUHPHQWVUHPDLQVLQWUDFWDEOHQHFHVVLWDWLQJWUDGH
RIIV 7KHUHIRUH DV D FRQWULEXWLRQ ZH DWWHPSW WR DGGUHVV WKLV SUREOHP E\ SURSRVLQJ D PRYLQJ DYHUDJH ILOWHULQJ PRGHO IRU QRQ
LQWHUDFWLYHGLIIHUHQWLDOSULYDF\VHWWLQJV,QWKLVPRGHOYDULRXVOHYHOVRIGLIIHUHQWLDOSULYDF\'3DUHDSSOLHGWRDGDWDVHWJHQHUDWLQJ
DQDVVRUWPHQWRISULYDWL]HGGDWDVHWV7KHSULYDWL]HGGDWDLVSDVVHGWKURXJKDPRYLQJDYHUDJHILOWHUDQGWKHQHZILOWHUHGSULYDWL]HG
GDWDVHWVDUHSDVVHGWKURXJKDVHULHVRIPDFKLQHOHDUQLQJFODVVLILHUVWRJDXJHIRUGDWDXWLOLW\,IWKHFODVVLILFDWLRQDFFXUDF\PHHWVDGDWD
XWLOLW\WKUHVKROGWKHILOWHUHGGDWDVHWLVWKHQSXEOLVKHG7KHUHVWRIWKHSDSHULVRUJDQL]HGDVIROORZV,Q6HFWLRQDEULHIRYHUYLHZRI
GLIIHUHQWLDO SULYDF\ DQG WKH PRYLQJ DYHUDJH ILOWHULQJ WHFKQLTXH LV JLYHQ ,Q 6HFWLRQ  H[SHULPHQW DQG HPSLULFDO UHVXOWV RI WKH
SURSRVHGPRGHODUHSUHVHQWHG)LQDOO\LQ6HFWLRQWKHFRQFOXVLRQLVJLYHQ
2. Differential privacy
,QWKHIROORZLQJVHFWLRQZHJLYHDQRYHUYLHZRQWKHZRUNLQJVRIGLIIHUHQWLDOSULYDF\DVZHKDYHDOUHDG\GHVFULEHGSUHYLRXVO\LQ
>@ >@ >@ 3URSRVHG E\ 'ZRUN  GLIIHUHQWLDO SULYDF\ LV D FXUUHQW GDWD SULYDF\ SHUWXUEDWLYH SURFHVV LQ ZKLFK PDVNLQJ RI
VHQVLWLYHGDWDLVHQIRUFHGE\DGGLQJ/DSODFHQRLVHWRTXHU\DQVZHUVIURPWKHGDWDEDVHVXFKWKDWWKHXVHUVRIWKHGDWDEDVHFDQQRWWHOO
DSDUWLIDSDUWLFXODUYDOXHKDVEHHQGLVWRUWHGLQWKDWGDWDEDVHDQGWKXVEHFRPLQJFRPSOH[IRUDQDWWDFNHUWRGHFRGHGDWDYDOXHVLQWKH
GDWDEDVH>@>@>@(VVHQWLDOO\GLIIHUHQWLDOSULYDF\FDQEHLPSOHPHQWHGXVLQJWKHIROORZLQJVWHSVDVZDVGHVFULEHGLQ>@>@>@>@
LTXHU\DGDWDEDVH LL FRPSXWH WKHPRVW VLJQLILFDQWREVHUYDWLRQ LLLGHWHUPLQH WKH/DSODFHQRLVHGLVWULEXWLRQ LYDGG/DSODFH
QRLVHGLVWULEXWLRQ WR WKHTXHU\ UHVXOWV DQG Y GLVVHPLQDWH WKHSHUWXUEHGTXHU\RXWFRPH LQ HLWKHU DQ LQWHUDFWLYHRU QRQLQWHUDFWLYH
PRGH$QRQLQWHUDFWLYHPRGHRIGLVVHPLQDWLRQLVXVHGLQWKLVVWXG\
$VZDVGHVFULEHGLQ>@DQGIXUWKHUQRWHGLQ>@DQG>@WZRGDWDEDVHVD1 DQGD2DUHLQGLVFHUQLEOHLIWKH\DUHGLVVLPLODUE\RQO\RQH
YDOXHVXFKWKDW ܦଵ ο ܦଶ = 1$Q\GDWDSULYDF\PHWKRGݍ௡PHHWVWKHVSHFLILFDWLRQVRIߝ-differential privacyLIWKHOLNHOLKRRGRIWKH
TXHU\UHVSRQVHRQGDWDEDVHD1DQGD2VKRXOGEHDQDORJRXVDQGVDWLVI\WKHFRQGLWLRQEHORZ>@
௉[௤೙(஽భ)אோ]
௉[௤೙(஽మ)אோ]  ൑  ݁
ఌ 
7KH V\PEROVD1 DQGD2 UHSUHVHQW WKH WZRGDWDEDVHVP LV WKHSUREDELOLW\RI WKH TXHU\ UHVXOWV RQD1 DQGD2qn() LV WKHSULYDF\
SHUWXUEDWLRQPHWKRGqnD1DQGqnD2LVWKHSULYDF\SHUWXUEDWLRQPHWKRGRQTXHU\UHVXOWVIURPGDWDEDVHD1DQGD2UHVSHFWLYHO\
R LV WKHSULYDWL]HGTXHU\ UHVXOWV IURPD1 DQGD2 DQG݁ఌ PUHSUHVHQWV WKH VPDOO H[SRQHQWLDOߝ HSVLORQYDOXH7KH OLNHOLKRRGRI VDPH
TXHU\UXQRQD1DQGWKHQRQD2VKRXOGEHDQDORJRXV>@>@'LIIHUHQWLDO3ULYDF\'3ZRXOGWKXVEHLPSOHPHQWHGDVIROORZVDQG
DVLOOXVWUDWHGLQ)LJ>@>@>@>@
ܦܲ൫݂(ݔ)൯ =   ݂(ݔ) +  ܮܽ݌݈ܽܿ݁(0, ܾ) 
)LJ$QRYHUYLHZRIDQLQWHUDFWLYHGLIIHUHQWLDOSULYDF\WHFKQLTXH
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:KHUHDP (f(x))LVWKHGLIIHUHQWLDOSULYDF\SURFHGXUHRQWKHRULJLQDOGDWDf(x); DQG ܮܽ݌݈ܽܿ݁(0, ܾ) UHSUHVHQWV WKH /DSODFH QRLVH
JHQHUDWHGEHWZHHQDUDQJHRIDQGb, DQGXVHGWRSULYDWL]HWKHRULJLQDOTXHU\UHVXOWV7KHYDOXHbLVWKHQFRPSXWHGIRU/DSODFHQRLVH
DVIROORZV
ܾ = ο௙
ఌ
 
7KHV\PERObLVFRPSXWHGE\WKHPD[GLIIHUHQFH ο݂GLYLGHGE\DVPDOOHSVLORQYDOXH ߝ7KHPD[GLIIHUHQFH ο݂WKHPRVWGRPLQDQW
IRUDJLYHQTXHU\LVWKHQFRPSXWHGE\JHWWLQJWKHGLIIHUHQFHEHWZHHQWKHKLJKHVWDQGORZHVWREVHUYDWLRQVLQD1DQGD2DVIROORZV
ο݂ = ܯܽݔ|݂(ܦଵ)െ  ݂(ܦଶ)|         
)LJ7KHPRYLQJDYHUDJHILOWHULQJPRGHOIRUGLIIHUHQWLDOSULYDF\
2.1. Moving average filtering
0RYLQJDYHUDJHILOWHULQJWHFKQLTXHLVRQHRIWKHPRVWXVHGILOWHUVLQGLJLWDOVLJQDOSURFHVVLQJDFRQYROXWLRQWKDWHPSOR\VDVLPSOH
ILOWHULQJNHUQHODQGLGHDOIRUUHGXFLQJQRLVHZKLOHNHHSLQJWKHPDLQWUDLWVRIWKHVLJQDO>@0RYLQJDYHUDJHILOWHUVZRUNE\DYHUDJLQJ
DQXPEHURISRLQWVIURPWKHLQSXWVLJQDOWRSURGXFHHDFKSRLQWLQWKHRXWSXWVLJQDODVVKRZQLQWKHIROORZLQJHTXDWLRQ>@
ݕ[݅] = ଵ
ெ
 σ ݔ[݅ + ݆]ெିଵ௝ୀ଴  
7KHV\PEROݔ[݅ + ݆]LV WKH LQSXWVLJQDOݕ[݅ ]LV WKHRXWSXWVLJQDOܯLV WKHQXPEHURISRLQWVXVHG LQ WKHPRYLQJDYHUDJH>@$V
ZDVVKRZQE\.RYHVLUHSHDWHGXVHRIWKHPRYLQJDYHUDJHILOWHUJHQHUDWHVDQDSSUR[LPDWLRQRIWKH*DXVVLDQILOWHU>@)LJ
LOOXVWUDWHVWKHSURFHVVXVHGLQWKLVVWXG\WRILOWHUH[FHVVLYHQRLVHLQGLIIHUHQWLDOO\SULYDWHGDWD
3. Differential privacy (DP) experiment and empirical results
,QWKLVVHFWLRQHPSLULFDOUHVXOWVIURPLPSOHPHQWLQJERWKGLIIHUHQWLDOSULYDF\DQGILOWHULQJDUHSUHVHQWHG>@,QWKLVH[SHULPHQW
GLIIHUHQWOHYHOVRI/DSODFHQRLVHZHUHDGGHGWRWKHRULJLQDO)LVKHU,ULVGDWDVHWIURPWKH8&,UHSRVLWRU\>@JHQHUDWLQJSHUWXUEHG
SULYDWL]HGGDWDVHWV7KHİHSVLORQSDUDPHWHUXVHGWRJHQHUDWH/DSODFHQRLVHZDVILQHWXQHGXVLQJYDULRXVYDOXHVDVVKRZQLQ7DEOH
IURPİ WRİ 
7DEOH/DSODFHbYDOXHVYHUVHVİHSVLORQYDOXHV>@
Epsilon Value 6HSDO/E ¨Iİ 6HSDO:E ¨Iİ 3HWDO/E ¨Iİ 3HWDO:E ¨Iİ
İ    
İ    
İ    
İ    
İ    
İ    
İ    
İ    
İ    
İ    
İ    
İ    
İ    
İ    
$VVKRZQLQ7DEOHDVWKHİHSVLORQYDOXHJHWVVPDOOHUWKH/DSODFHbYDOXHJHWVELJJHUWKXVJHQHUDWLQJPRUHQRLVH)RULQVWDQFH
ZKHQWKHİHSVLORQYDOXHZDVWKHbYDOXHIRU/DSODFHQRLVHZDVDWIRUWKH6HSDOOHQJWKDWWULEXWH+RZHYHUZKHQWKHİHSVLORQ
YDOXHZDVDWWKHbYDOXHIRU/DSODFHQRLVHMXPSHGWRDPDVVLYHYDOXHIRUWKH6HSDOOHQJWKDWWULEXWH7KHVDPHFDQEH
VDLGRIWKH3HWDOOHQJWKDWWULEXWHZKHQWKHİHSVLORQYDOXHZDVDWWKHbYDOXHIRU/DSODFHQRLVHZDVDWYDOXH<HWZKHQWKHİ
HSVLORQYDOXHZDVDW WKHbYDOXH IRU/DSODFHQRLVHZDVDW IRU WKH3HWDO OHQJWK ,Q VXFKFDVHV WKHQRLVH OHYHO IRU
SULYDF\SURWHFWLRQZRXOGKDYHWREHJHQHUDWHGEHWZHHQDQGWRFRQFHDOYDOXHVLQWKH3HWDOOHQJWKDWWULEXWH7KLVPHDQVWKDW
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IRUWKHİHSVLORQYDOXHDW/DSODFHbUDQGRPQRLVHZRXOGEHJHQHUDWHGEHWZHHQDQGbYDOXHRI+RZHYHUIRUWKHİHSVLORQ
YDOXHRIWKH/DSODFHbUDQGRPQRLVHZRXOGKDYHWREHJHQHUDWHGEHWZHHQDQGWRSURYLGHFRQILGHQWLDOLW\IRU
WKH6HSDOOHQJWKDWWULEXWH7KHVPDOOHUWKHİHSVLORQYDOXHVWKHJUHDWHUWKH/DSODFHQRLVHWKDWLVJHQHUDWHG:KLOHVXFKKLJKHUQRLVH
OHYHOVPLJKW JXDUDQWHH VWURQJHU OHYHOV RI SULYDF\ WKH FKDOOHQJH LV LQ ILQGLQJ WKH DSSURSULDWH İ HSVLORQYDOXHV WKDWZRXOGJHQHUDWH
VXLWDEOH/DSODFHQRLVHOHYHOVIRUFRQILGHQWLDOLW\ZKLOHPHHWLQJDFFHSWDEOHOHYHOVRIGDWDXWLOLW\ 
3.1. DP classification accuracy results
,QWKLVVHFWLRQFODVVLILFDWLRQDFFXUDF\UHVXOWVRIGLIIHUHQWLDOSULYDF\EDVHGGDWDVHWVDWYDULRXVİHSVLORQOHYHOVDUHSUHVHQWHG>@,Q
WKHH[SHULPHQWIRUHDFKİHSVLORQLQ7DEOHDSHUWXUEHGSULYDWL]HGGDWDVHWZDVJHQHUDWHG7KHJHQHUDWHGSHUWXUEHGGDWDVHWZDV
WKHQSDVVHGWKURXJKDVHULHVRIPDFKLQHOHDUQLQJFODVVLILHUVDQGWKHFODVVLILFDWLRQDFFXUDF\ZDVPHDVXUHG7KHGDWDVHWWKDWPHWWKH
WKUHVKROG FULWHULD ZDV FKRVHQ IRU GLVVHPLQDWLRQ RWKHUZLVH SDUDPHWHUV LQ WKH GDWD SULYDF\ SURFHVV DUH UHILQHG LQ WKLV FDVH WKH İ
HSVLORQYDOXH
7DEOH&ODVVLILFDWLRQDFFXUDF\RI'3GDWDVHWV>@
Epsilon Value KNN NN NB DT AdaBoost
İ     
İ     
İ     
İ     
İ     
İ     
İ(0.1009)     
İ     
İ     
İ     
İ     
İ     
İ     
İ     
,Q7DEOHWKHFODVVLILFDWLRQDFFXUDF\IRUWKHGLIIHUHQWLDOO\SULYDWHGDWDVHWVLVVKRZQIRU.111HXUDO1HWV1DwYH%D\HV'HFLVLRQ
7UHHV DQG$GD%RRVW FODVVLILHUV 7KH UHVXOWV SUHVHQWHG LQ 7DEOH  DUH UHSUHVHQWDWLYH RI GLIIHUHQWLDOO\ SULYDWL]HG GDWD VHWV EHIRUH
ILOWHULQJZDVDSSOLHG$WRWDORIWULDOVZHUHUXQIRUWKLVH[SHULPHQWRQHIRUHDFKRIWKHGLIIHUHQWLDOO\SULYDWL]HGGDWDVHWV
)LJD&ODVVLILFDWLRQDFFXUDF\RI'3GDWDVHWV)LJE&ODVVLILFDWLRQDFFXUDF\IRUILOWHUHG'3EDVHGGDWDVHWV>@
(DFKYDOXHLQ7DEOHUHSUHVHQWVWKHFODVVLILFDWLRQDFFXUDF\RIDGLIIHUHQWLDOO\SULYDWL]HGGDWDVHW,WLVLQWHUHVWLQJWRQRWHWKDWIURPWKH
FODVVLILFDWLRQDFFXUDF\ UHVXOWVSUHVHQWHG LQ7DEOHQRQHRI WKHGLIIHUHQWLDOO\SULYDWL]HGGDWD VHWVDFKLHYHGFODVVLILFDWLRQDFFXUDF\
DERYHSHUFHQW7KLVFDQEHFOHDUO\VHHQLQ)LJDLQZKLFKWKHxD[LVUHSUHVHQWVWKHYDULRXVİHSVLORQYDOXHVIURPWKHODUJHVWWR
WKH VPDOOHVW İ HSVLORQ YDOXH 7KH yD[LV UHSUHVHQWV WKH FODVVLILFDWLRQ DFFXUDF\ DQG HDFK GLIIHUHQW VHULHV RU OLQHV UHSUHVHQWV WKH
FODVVLILFDWLRQDOJRULWKPXVHGLQWKHH[SHULPHQW$V)LJDVKRZVDVWKHİHSVLORQYDOXHGHFUHDVHGWKHFODVVLILFDWLRQDFFXUDF\RI
WKDWSDUWLFXODUGDWDVHWGURSSHGIURPDERXWSHUFHQWFODVVLILFDWLRQDFFXUDF\WRDERXWDQDYHUDJHRISHUFHQW7KLVPHDQVWKDWRQ
DYHUDJH DERXW  SHUFHQW RI WKH UHFRUGV ZHUHPLVFODVVLILHG:KLOH WKH UHVXOWV VKRZ WKDW GDWD XWLOLW\ ZDV ORZ EDVHG RQ WKH ORZ
FODVVLILFDWLRQ DFFXUDF\ UHVXOWV GLIIHUHQWLDO SULYDF\ LV VKRZQ E\ WKHVH UHVXOWV WR SUHVHQW VWURQJ SULYDF\ JXDUDQWHHV WKDW DQ DWWDFNHU
ZRXOG ILQG LWGLIILFXOW WR UHFRQVWUXFW VXFKDGDWD VHW7KHFKDOOHQJH WKHQ LV WR ILQGDQRSWLPDOEDODQFHEHWZHHQ WKH VWURQJSULYDF\
SURYLGHGE\GLIIHUHQWLDOSULYDF\DQGGDWDXWLOLW\
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3.2. Classification results after filtering DP-based data
,QWKLVVHFWLRQH[SHULPHQWDOUHVXOWVIURPDSSO\LQJILOWHULQJRQGLIIHUHQWLDOO\SULYDWL]HGGDWDVHWVDUHSUHVHQWHG>@,QWKHH[SHULPHQW
ILOWHULQJZDVDSSOLHGWRHDFKRIWKHGLIIHUHQWLDOO\SULYDWL]HGGDWDVHWV7KHQHZILOWHUHGGLIIHUHQWLDOO\SULYDWL]HGGDWDVHWVZHUHWKHQ
VXEMHFWWRDVHULHVRIPDFKLQHOHDUQLQJFODVVLILHUVDQGWKHFODVVLILFDWLRQDFFXUDF\ZDVUHWXUQHGDVVKRZQLQ7DEOH

7DEOH&ODVVLILFDWLRQDFFXUDF\UHVXOWVRI'3EDVHGGDWDDIWHUDSSO\LQJILOWHULQJ>@
Epsilon Value KNN NN NB DT AdaBoost
İ     
İ(0.9998)     
İ     
İ     
İ     
İ     
İ     
İ(0.1)     
İ     
İ     
İ     
İ     
İ     
İ     

5HVXOWVLQ7DEOHVKRZWKHFODVVLILFDWLRQDFFXUDF\RIHDFKILOWHUHGGLIIHUHQWLDOO\SULYDWL]HGGDWDVHWZLWKJUHDWLPSURYHPHQWZKHQ
FRPSDUHG WR WKH QRQILOWHUHG GLIIHUHQWLDOO\ SULYDWL]HG GDWD VHWV LQ 7DEOH  )RU LQVWDQFH WKH FODVVLILFDWLRQ DFFXUDF\ RI WKH
GLIIHUHQWLDOO\SULYDWL]HGGDWDVHWJHQHUDWHGXVLQJİ  WKH1HXUDO1HWFODVVLILFDWLRQDFFXUDF\ZDVREVHUYHGDWSHUFHQW IRUQRQ
ILOWHUHG GLIIHUHQWLDOO\ SULYDWL]HG GDWD ,Q FRPSDULVRQ WKH FODVVLILFDWLRQ DFFXUDF\ IRU WKH VDPH GDWD VHW ZDV DW  SHUFHQW DIWHU
DSSO\LQJILOWHULQJDQ LPSURYHPHQWRIDSSUR[LPDWHO\:KLOH WKH W\SHRIFODVVLILFDWLRQDOJRULWKPXVHGGRHVPDWWHUGXH WR WKH
LQKHUHQW SDUDPHWHUV LQ WKDW FODVVLILHU RYHUDOO WKH FODVVLILFDWLRQ DFFXUDF\ RI WKH GLIIHUHQWLDOO\ SULYDWL]HG GDWD VHWV GLG LPSURYH
VLJQLILFDQWO\ DV REVHUYHG LQ WKHVH SUHOLPLQDU\ UHVXOWV 7KH RYHUDOO LPSURYHPHQW LQ FODVVLILFDWLRQ DFFXUDF\ UHVXOWV DIWHU DSSO\LQJ
ILOWHULQJDUHVKRZQLQ)LJEWKHxD[LVUHSUHVHQWVWKHYDULRXVİHSVLORQYDOXHVIURPWKHODUJHVWWRWKHVPDOOHVWİHSVLORQYDOXH7KH
yD[LV UHSUHVHQWV WKH FODVVLILFDWLRQ DFFXUDF\ DQG HDFK GLIIHUHQW VHULHV RU OLQHV UHSUHVHQWV WKH FODVVLILFDWLRQ DOJRULWKP XVHG LQ WKH
H[SHULPHQW$V)LJEVKRZVDVWKHİHSVLORQYDOXHGHFUHDVHGWKHFODVVLILFDWLRQDFFXUDF\RIWKDWSDUWLFXODUGDWDVHWLPSURYHG)RU
H[DPSOHWKHDYHUDJHFODVVLILFDWLRQDFFXUDF\IRUWKHGLIIHUHQWLDOO\SULYDWL]HGGDWDVHWVDIWHUILOWHULQJZDVIRU.11DQG
IRU1HXUDO1HWV ,QFRPSDULVRQ WKHFODVVLILFDWLRQDFFXUDF\EHIRUH ILOWHULQJZDVDSSOLHGZDVDSSUR[LPDWHO\DQDYHUDJHRI IRU
.11DQGRQDYHUDJHIRU1HXUDO1HWZRUNV7KHLPSURYHPHQWZDVDERXWSRLQWVIRUWKH.11DIWHUDSSO\LQJILOWHULQJ
3.3. Threshold determination for the filtered DP-based data
,QWKLVVHFWLRQH[SHULPHQWDOUHVXOWVRQWKUHVKROGGHWHUPLQDWLRQDUHSUHVHQWHG>@7KHWKUHVKROGZDVKHXULVWLFDOO\FKRVHQDVWKHPD[
YDOXHEHWZHHQWKHPD[PLGSRLQWDQGPD[PHDQYDOXHVDVVKRZQLQ7DEOH7KHJRDOZDVWRVHOHFWGDWDVHWVWKDWPHWWKHWKUHVKROG
FULWHULDIRUGDWDXWLOLW\2QO\ILOWHUHGGLIIHUHQWLDOO\SULYDWL]HGGDWDVHWVZHUHXVHGLQIRUWKLVSRUWLRQRIWKHH[SHULPHQW

7DEOH7KUHVKROG'HWHUPLQDWLRQIRU)LOWHUHG'3EDVHGGDWD>@
KNN NN NB DT ADABOOST MAX
0,'
32,17
     
0HDQ      
MAX 94.57 88.90 76.38 75.99 60.48 94.57

7KHUHVXOWV LQ7DEOHVKRZWKHPHDQDQGPLGSRLQWYDOXHVIRU WKHFODVVLILFDWLRQDFFXUDF\UHVXOWV IURPHDFK ILOWHUHGGLIIHUHQWLDOO\
SULYDWL]HGGDWDVHW7KHPD[YDOXHRIWKHPHDQDQGPLGSRLQWYDOXHVZHUHVHOHFWHGDQGWKHPD[RIWKHPD[PHDQDQGPD[PLGSRLQW
FKRVHQVXEVHTXHQWO\$VVKRZQLQ7DEOHWKHFKRVHQWKUHVKROGYDOXHLQWKLVFDVHWKHFODVVLILFDWLRQDFFXUDF\ZDV,QWKLVFDVH
D GDWD VHW WKDW PHHWV WKH WKUHVKROG FULWHULD ZDV FKRVHQ IRU GLVVHPLQDWLRQ $ GLIIHUHQWLDOO\ SULYDWH GDWD VHW ZLWK  SHUFHQW
FODVVLILFDWLRQDFFXUDF\ZRXOGRIIHUERWKSULYDF\DQGGDWDXWLOLW\7KHWUDGHRIILQWKLVFDVHZRXOGLQFOLQHWRZDUGVPRUHDFFXUDF\DQG
WKXVXWLOLW\VLQFHWKHJRDOLVWRSURYLGHXVHIXOV\QWKHWLFGDWDVHWVZKLOHRIIHULQJDFFHSWDEOHOHYHOVRIFRQILGHQWLDOLW\
3.4. Statistical analysis of DP-based data
,Q WKLV VHFWLRQ DQ DVVHVVPHQW RI WKH VWDWLVWLFDO WUDLWV RI WKH RULJLQDO GDWD GLIIHUHQWLDO SULYDWL]HG GDWD DQG WKH ILOWHUHG GLIIHUHQWLDO
SULYDWL]HG GDWD LV GRQH >@ 7KH JRDO ZDV WR ILQG RXW LI GLIIHUHQWLDO SULYDF\ PDLQWDLQHG VRPH RI WKH GHVFULSWLYH VWDWLVWLFV RI D
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SULYDWL]HGGDWDVHW7KHGHVFULSWLYHVWDWLVWLFVDUHVKRZQLQ7DEOHZLWKWKHVWDWLVWLFYDOXHVIRUWKHRULJLQDOGDWDGLIIHUHQWLDOSULYDWL]HG
GDWDDQGWKHILOWHUHGGLIIHUHQWLDOSULYDWL]HGGDWD7KHVWDWLVWLFDOYDOXHVIRUHDFKDWWULEXWHDUHVKRZQQDPHO\6HSDOOHQJWK6HSDOZLGWK
3HWDOOHQJWKDQG3HWDOZLGWK)URPWKHREVHUYDWLRQVLQ7DEOHWKHPHDQYDOXHIRUWKHRULJLQDO6HSDOOHQJWKZDVKRZHYHUDIWHU
DSSO\LQJ GLIIHUHQWLDO SULYDF\ RQ WKH RULJLQDO GDWD VHW WKHPHDQ YDOXH IRU WKH 6HSDO OHQJWK GURSSHG WR 0HDQZKLOH WKHPHDQ
YDOXHVIRUWKH6HSDOZLGWKLQWKHRULJLQDOGDWDZDVEXWDOPRVWGRXEOHGWRIRUWKHGLIIHUHQWLDOSULYDWL]HGGDWD,WLVLQWHUHVWLQJ
WRQRWH WKDW WKHPHDQYDOXHVDIWHUDSSO\LQJ ILOWHULQJRQ WKHGLIIHUHQWLDOSULYDWL]HGGDWDDUHPDLQWDLQHGDQGDUHQRW IDURII IURPWKH
GLIIHUHQWLDOSULYDWL]HGGDWDZLWKRXWILOWHULQJ

7DEOH'HVFULSWLYH6WDWLVWLFVIRUERWK'3DQG'3EDVHGGDWDDIWHUDSSO\LQJILOWHULQJ>@
Statistics Sepal L Sepal W Petal L Petal W
2ULJLQ0HDQ    
2ULJLQ0RGH    
2ULJLQ0HGLDQ    
2ULJLQ0D[    
2ULJLQ0LQ    
2ULJLQ6W'HY    
2ULJLQ9DU    
'36\QWK0HDQ    
'36\QWK0RGH 1$ 1$ 1$ 1$
'36\QWK0HGLDQ    
'36\QWK0D[    
'36\QWK0LQ    
'36\QWK6W'HY    
'36\QWK9DU    
)LOWHUHG'30HDQ    
)LOWHUHG'30RGH 1$ 1$ 1$ 1$
)LOWHUHG'30HGLDQ    
)LOWHUHG'30D[    
)LOWHUHG'30LQ    
)LOWHUHG'36W'HY    
)LOWHUHG'39DU    

)RULQVWDQFHWKHPHDQYDOXHVIRUWKH6HSDOOHQJWK6HSDOZLGWK3HWDOOHQJWKDQG3HWDOZLGWKDWWULEXWHVDUHDQG
UHVSHFWLYHO\ IRU QRQ)LOWHUHG '3 GDWD +RZHYHU IRU WKH )LOWHUHG '3 GDWD WKH PHDQ YDOXHV ZHUH    DQG 
UHVSHFWLYHO\7KHGLIIHUHQFHVEHWZHHQWKHPHDQYDOXHVIRUWKHQRQILOWHUHG'3DQGILOWHUHG'3GDWDLVPLQLPDO7KHUHIRUHIURPWKHVH
UHVXOWV LW FRXOG EH VXJJHVWHG WKDW ILOWHULQJ'3 GDWD GRHVPDLQWDLQ WKHPHDQ VWDWLVWLFDO SURSHUW\ ,W LV LPSRUWDQW WR QRWH WKDW RWKHU
GHVFULSWLYHVWDWLVWLFDOWUDLWVVXFKDVWKHVWDQGDUGGHYLDWLRQZHUHQRWPDLQWDLQHGDVVKRZQLQ7DEOH


)LJ'HVFULSWLYHVWDWLVWLFVIRU'3DQG)LOWHUHG'3EDVHGGDWD>@
$GGLWLRQDOO\DVSUHVHQWHGLQ)LJZKLOH'3GRHVQRWPDLQWDLQWKHVNHOHWDOVWDWLVWLFDOVWUXFWXUHRIWKHRULJLQDOGDWDILOWHUHG'3GLG
PDLQWDLQWKHVWDWLVWLFDOVWUXFWXUHRIWKHQRQILOWHUHG'3GDWD,Q)LJWKHxD[LVUHSUHVHQWVWKHYDULRXVVWDWLVWLFDOWUDLWVVXFKDVWKH
PHDQVWDQGDUGGHYLDWLRQDQGPD[YDOXH7KHyD[LVUHSUHVHQWVWKHQXPHULFDOYDOXHVRIWKHVWDWLVWLFDOWUDLWV2QWKHxD[LVDUHWKUHH
VXEJUDSKV ZLWK WKH ILUVW VXEJUDSK UHSUHVHQWLQJ WKH VWDWLVWLFDO WUDLWV RI WKH RULJLQDO GDWD WKH PLGGOH VXEJUDSK UHSUHVHQWLQJ WKH
VWDWLVWLFDOWUDLWVRIWKH'3EDVHGGDWDZLWKRXWILOWHULQJDQGODVWO\WKHWKLUGVXEJUDSKRQWKHULJKWUHSUHVHQWLQJWKHILOWHUHG'3EDVHG
GDWD(DFKOLQHVHULHVLQHDFKVXEJUDSKUHSUHVHQWVWKH6HSDOOHQJWK6HSDOZLGWK3HWDOOHQJWKDQG3HWDOZLGWK
7DEOH,QIHUHQFH6WDWLVWLFVIRU'3EDVHGGDWD>@
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&RUU'36\QWK	2ULJLQ'DWD    
&RUU)LOWHUHG'3	2ULJLQ'DWD    
&RY'36\QWK	2ULJLQ'DWD    
&RY)LOWHUHG'3	2ULJLQ'DWD    

,Q7DEOHWKHFRUUHODWLRQDQGFRYDULDQFHYDOXHVEHWZHHQWKH'3GDWD)LOWHUHG'3GDWDDQGWKHRULJLQDOGDWDDUHSUHVHQWHG>@7KH
FRUUHODWLRQEHWZHHQ'3EDVHGGDWDDQGWKHRULJLQDOGDWDLVDWIRUWKH6HSDOOHQJWKDWWULEXWHYDOXHVZKLOHWKHFRUUHODWLRQYDOXHV
EHWZHHQWKHILOWHUHG'3EDVHGGDWDDQGWKHRULJLQDOLVDW,QWKLVFDVHERWKFRUUHODWLRQYDOXHVDUHYHU\ORZDQGLQGLFDWHWKDWWKHUH
LV QR UHODWLRQVKLS EHWZHHQ WKH GDWD VHWV DQ LQGLFDWLRQ RI VWURQJ GDWD SULYDF\ VLQFH WKH DWWDFNHU ZRXOG KDYH D YHU\ GLIILFXOW WLPH
UHFRQVWUXFWLQJVXFKGDWDVHWV+RZHYHUVXFKORZFRUUHODWLRQYDOXHVFRXOGDOVRVXJJHVWWKDWWKHGDWDXWLOLW\OHYHOVRI'3DQGILOWHUHG
'3GDWDDUHYHU\ORZ
4. Conclusion
(PSLULFDOUHVXOWVIURPWKLVVWXG\VKRZHGWKDWWKHVLJQDOSURFHVVLQJWHFKQLTXHRIILOWHULQJPLJKWKDYHDQHIIHFWRQUHGXFLQJH[FHVVLYH
QRLVH GXH WR WKH DSSOLFDWLRQ RI GLIIHUHQWLDO SULYDF\ RQ GDWD )LOWHUHG '3EDVHG SULYDWL]HG GDWD RXWSHUIRUPHG UHJXODU '3EDVHG
SULYDWL]HG GDWD ZLWK KLJKHU FODVVLILFDWLRQ DFFXUDF\ +RZHYHU WKH SUREOHP RI SULYDF\ YHUVXV XWLOLW\ VWLOO SHUVLVWV DQG PRUH
H[SHULPHQWDODQGHPSLULFDOUHVHDUFKZLWKDPXOWLIDFHWHGDSSURDFKLVQHHGHGWRILQGVROXWLRQVRQDFDVHE\FDVHEDVLVDVHDFKGDWD
VHWPLJKW KDYHYDULRXVSULYDF\ UHTXLUHPHQWV<HW VWLOO  DQXPEHURI SDUDPHWHUV DUHSUHVHQW LQERWK WKHGDWDSULYDF\ DQG ILOWHULQJ
SURFHVVHVWKDWZRXOGUHTXLUHDQLQYHVWLJDWLRQLQWRKRZWRRSWLPDOO\ILQHWXQHVXFKSDUDPHWHUVIRUHYHQEHWWHUUHVXOWV)XWXUHZRUNV
LQFOXGHLQYHVWLJDWLQJWKHDSSOLFDWLRQRIRWKHUILOWHULQJDQGVLJQDOSURFHVVLQJWHFKQLTXHVQRWFRYHUHGLQWKLVSDSHU
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